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(57) ABSTRACT 



PURPOSE 

e trh?na r0Vjd ? " a,Un ! ina pCramic sintered com P a * excellent in dry 
etching resistance, which is applicable in dry etching devices 2 
wafers used in ultra-high-density large-scale J^gpSciS 

MEANS FOR SOLVING THE PROBLEM 

shanf ZfTrTJS! a]Umina CCramic com P^t formed into a desired 

omW S ^ Cany,ng ° Ut 3 gFinding P r0Cess on a 
compact, the alumina ceramic sintered compact according to the 
present invention is achieved by means of heat'treati nZ ZVits 
hours at a temperature between 1000 and 1 550°C. 
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CLAIMS 

What is claimed is: 

1. An alumina ceramic sintered compact or ground alumina ceramic 

to? wo C ZS/ a !. COnSiStin8 ° f no less than 99 2wt% "« no m ore 
than 99.99^1% aluminium ox.de and the remainder a metal oxide 

k^L n ^ lumm T oxide with an ^erage particle diameter of no 
less than 0.5pm and no more than 1 5pm and a density of no less than 
3_88g/cm and no more than 3.97g/cm 3 , heat-treated at a temperature 
of no lower than 1000'C and no higher than 1 5S0°C for no less than 
0.1 hours and no more than 6 hours. 



DETAILED DESCRIPTION OF THE INVENTION 



present inventors discovered that, after sintering an alumina ceramic 
compact formed into a desired shape, or after further carrying out a 
grinding process on a sintered compact, it is possible to prevent the 
scattering of alumina ceramic particles in the presence of a 0 01-5Pa 
etching gas, even when the compact is irradiated with plasma ions 
Namely, the alumma ceramic sintered compact according to the 
present invention is an alumina ceramic sintered compact ofground 
a^mma ceramic sintered compact consisting of no lesf than 
99.2wt% and no more than 99.99wt% aluminum oxide and the 
remainder a metal oxide other than aluminum oxide with an average 
particle diameter of no less than 0.5pm and no more than 15pm and 
a density of no less than 3.88g/cm J and no more than 3 97g/cm 3 
,u eat T«£t a I 3 tern P eratur e °f no lower than 1000°C and no higher 
than 1 550°C for no less than 0. 1 hours and no more than 6 hours 



FIELD OF THE INVENTION 

The present invention relates to a ceramic sintered compact and 
in particular relates to an alumina ceramic sintered compact 
excellent m dry etching resistance, formed from a ceramic compact 
that is sintered and then heat-treated. 



DESCRIPTION OF THE RELATED ART 

Ceramic sintered compacts are excellent in corrosion resistance 
heat resistance, strength, electric insulation and abrasion resistance' 
and these characteristics can be utilized and integrated into drJ 
etchmg devices that utilize plasma as a substitute means for wet 
etching in the field of manufacturing ultra-high-density large-scale 
mtegrated circuits that require the formation of ultrafine patterns 
^, tne / oIlo ^ in S toes of dry etching devices, amongst 
others. (1) chemical etching devices that utilize radicals that 
generate in plasma; (2) reactant ion etching devices that utilize the 
rectilineanty of l0 ns; and (3) etching devices that utilize plasma by 
means of microwave magnetron discharges. In particular, electron 
cyclotron plasma etching devices generate high ion energy and high 
ion density plasma, and as a result the temperature of the irradiated 
surface is high, and impact force is also high due to the ions 

Although ceramic sintered compacts are fundamentally excellent 
in electric insulation and ion sputter resistance, in the event that thev 
are actually irradiated with plasma ions using susceptors and other 
parts that support dry etching device wafers, the ceramic evaporates 
from the surface of the sintered compact and the ceramic particles 
are scattered due to the impact from the ions and the etching 
mechanism. In particular, the scattered ceramic particles reattach to 
the wafer, which decreases the wafer production yield. 

PROBLEMS TO BE RESOLVED BY THE INVENTION 

Even in the event that the alumina ceramic sintered compact 
according to the present invention is irradiated with plasma ions the 
scattering of alumina ceramic particles from the substrate thereof is 
prevented, and the wafer production yield is thus increased. Present 
day wafer etching has entered an era in which the processing width is 
0.5pm, and this width is predicted to become 0.15pm in the future 
t he current size of scattering particles is 0.3pm or less, but this will 
become 0.07pm or less in the future. In order to respond to such 
demands, a ceramic sintered compact from which ceramic particles 

be S develo C ped ered ' ^ dUri " S Pr ° CeSS ' mUSt 

MEANS FOR SOLVING THE PROBLEMS 

Through carrying out research aimed at developing a ceramic 
sintered compact from which ceramic particles are not scattered, the 



ILLUSTRATIVE EMBODIMENT 

Ceramic sintered compacts can be manufactured using the 
pressureless smtermg method, the hot press method, or the hot 
.sosratic press method. In all of these methods, a ceramic compac 
undergoes a heat process or a cooling process simultaneous with the 
hearing process after the compact has solidified. In particular when 

^Z'VT 6 ? C ° mP \ CtS S0Hdificd at a h ig« temperature are 
cooled, tensile stress on the surface thereof is generated because the 
temperature of the core is higher than that of the surface Tensile 

^lh aUSeS , h m , r ° CraCkS * e grain boundar y wft en the tensile 
strength n the temperature is exceeded. Because the ends of 
microcracks generated in this manner are at extremely acute angles 
crack sensitivity is heightened. B ' 

In the event that such a ceramic sintered compact is irradiated 
witt, plasma .ons, because the top surface layer of the ceramic 
surface ,s heated the crack openings are closed off and compressive 
sttess is generated. If this heating and cooling process is repeated 
the generation of tensile/compressive stress is also repeated the 
microcracks gradually extend, and are ultimately pushed out by the 
plasma ions and scatter as ceramic particles. It was discovered that 
in such a cerarmc sintered compact, the ends of the microcracks 
become rounded, thus reducing crack sensitivity, and the scattering 

iL7Z° T C £S PreVented ' even when the compac, if 

mduiM with plasma ions, when a heat treatment is carried out 

JOHS? *? ?\ man y cases in which a ceramic sintered 

bemS Sr ° Und With a diamond «c. 
Although cracks occur on the ground surface thereof on such an 

he C atTn e ° n a 'nf re F T ^ ° f that 0CCUr: «»*» ««« to 

^ cool ' n .e bv mea "s of a grinding liquid, and cracks that 

IT tt 10 g " nd,n 8 strain - T1 * "umber of cracks per unit area and 
the length of the cracks in the depth direction from the surface layer 
of the compact are different depending on the material properties 
and grinding conditions, but they normally become several 10s of 
pm in length. The ends of the cracks generated by the stress during 
grinding are at acute angles, and crack sensitivity is high In 
S h ,f , Sr ° Und SUrfeCe ° f lhe ceramic sinte red compact is 
P u 8 T' the SUrfaCe temperature increases, and 
h!n a ^ CraCkS " l0ng ' exhibiling ex,ension more prominent 
than a sintered compact on which a grinding process has not been 
carried out. As a result, they are pushed out by the plasma ions of the 
ceramic particles, and tend to be more scattered than in ah even, in 
which a grinding process has.not been carried out 

Even if the ceramic sintered compact has a ground surface 
grindrng strain is almost completely removed by means of a heat 
treatment It has also become clear that the ends of the microcracks 

Ztl°Z ■ Z S T' ivity is reduced ' and that it is possible to 
inhibit the scattering of ceramic particles even when irradiated with 
p asma ions. It further became clear that grinding dust adhered to the 
2,"5 V r h,C r h C0U ' d "« be amoved by means of ultrasonic 
cleaning could be fixated onto the ground surface by means of 
carrying out a heat treatment. 

When manufacturing a ceramic sintered compact by means of lhe 
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method described above, in particular a sintered compact with an 
aluminium oxide (hereinafter "alumina>based ceramic, has a low 
alumina vapor pressure and is excellent in dry etching resistance due 
to the small amount of ceramic that evaporates, even when irradiated 
wjth plasma ions. As a result, particularly desirable effects can be 
obtained when used as the material for ceramic parts employed in 
dry etching devices. An example in which dry etching ceramic parts 
are manufactured using an alumina-based sintered compact shall 
now be described. 

The reason the purity of the alumina to be used in ceramic parts in 
the present invention has been set at no less than 99.2wt% is as 
follows. Namely, although the remainder, which is a metal oxide 
other than aluminium oxide, exists as a composite oxide in a form as 
though covering the alumina particles on the alumina grain boundary 
this composite oxide has a higher vapor pressure than alumina, and' 
evaporates when it is irradiated with plasma ions causing the 
alumina particles to become isolated. The diameter of alumina 
particles is large, and the film thickness of the composite oxide or 
thickness of the grain boundary layer becomes thicker as the amount 
of non-alumina oxide increases, causing a marked amount of 
evaporation in the grain boundary region. 

If the particle diameter is 15um or higher when the purity of the 
alumina is less than 99.2wt%, the film thickness of the composite 
oxide or thickness of the grain boundary layer is thick, and alumina 
particle scattering prevention effects become undetectable, even if a 
heat treatment is carried out. Consequently, the purity of the alumina 
is set at no less than 99.2wt%, and the particle diameter is set at no 
more than 15um. The reason the lower limit of the particle diameter 
is set at O.Sum is because the alumina particle diameter of the 
available raw particles when manufacturing alumina sintered 
compacts is 0.1 urn or less, which increases to O.Sum during the 
sintered compact production process. Further, because there is less 
composite oxide, which has high vapor pressure, in the grain 
boundary as the amount of high-purity alumina increases, a more 
stable alumina sintered compact can be obtained. In this case the 
desired alumina purity range is no less than 99.5wt% and no higher 
than 99.99wt%. Further, although the thickness of the grain 
boundary becomes thinner as the alumina particle diameter becomes 
smaller, the particle diameter at which the manufacture of alumina 
sintered compacts is easy is no less than 2um and no higher than 
bum. Consequently, it is preferable for the alumina particle diameter 
to be no less than 2um and no higher than 6um. 

An example of an alumina sintered compact production method 
by means of the pressureless sintering method using alumina powder 
as mentioned above shall now be described. Using water as the 
solvent, small amounts of polycarboxylic acid, stearic acid and 
polyvinyl alcohol were added as the binding agent to alumina 
powder consisting of 99.9wt% pure aluminium oxide and the 
remainder a metal oxide consisting of sodium, calcium, magnesium 
silicon, iron, etc. with ah average particle . diameter of between 0 1 
and lOum, after which the mixture was crushed and blended using a 
pot mill. The obtained slurry was dried with a spray dryer and turned 
into granules with high fluidity, after which they were pressure 
formed using a mechanical press or hot isostatic press at a pressure 
of between 0.8 and 1.51 t/cm 2 . Next, the compacted powder was 
heated in the air at a temperature between 1450 and 1650°C for 
between 0.5 and 6 hours, forming a sintered compact. The optimal 
conditions for the compacting pressure, firing temperature and 
firing time differ depending on the properties of the materials used 

The particle diameter and density of the sintered compact also 
differ depending on the properties of the materials. The reason the 
density of the sintered compact is set at no less than 3.88gW and 
no more than 3.97g/cm* is because, if it is less than 3 88g/cm 3 
mechanical strength is low, and a sintered compact with a density 
higher than 3.97gW cannot be obtained. Next, in order to establish 
the dimensions of die final product shape, and in order to render the 
surfaces of the sintered compact smooth, a grinding process was 
sometimes carried out thereon. The grinding process is done using a 
diamond grindstone etc., and it is preferable for it to be carried out in 
such a way that roughness is at a maximum height of 15um (R nm - 



the difference between the highest and lowest parts of the roueh 
surface). ' 

Lastly, it is essential to carry out a heat treatment on the sintered 
body or ground sintered body in the present invention. The heat 
treatment is performed at a temperature of no lower than 1000°C and 
no higher than I550°C for no less than 0.1 hours and no more than 6 
i r o J 1 ** 350 " heating temperature is set at no lower than 

Zir "° higH , er fT 155 °° C is because ' if * is lower ^an 
1000 C, the removal of distortions remaining inside the particles 

the improvement of crack sensitivity in the crack portions and the 

removal of the composite oxide in the grain boundary! are all 

inadequate. If the temperature is higher than 1550°C the creep 

phenomenon due to the heat of the sintered body becomes prominent 

deformation becomes great, and coarsening of the crystal grains 

occurs. 

The reason the heating time is set at no less than 0. 1 hours and no 
more than 6 hours is because, if it is less than 0. 1 hours, the removal 
of distortions remaining inside the particles, the improvement of 
crack sensitivity in the crack portions, and the removal of the 
composite oxide in the grain boundary are all inadequate If the time 
is more than 6 hours, improvement in the effects can no longer be 
detected upon further heating: Further, as long as the heat treatment 
does not alter the ceramic, it may be carried out in a vacuum in air 
or in a specified gas. 

The effects of this heat treatment can be confirmed very easily by 
means of observation with a scanning electron microscope. Namely 
a grain boundary layer appearing on the surface of the sintered 
compact or the surface of the ground sintered compact due to the 
heat treatment is observed. Further, cracks that occurred during the 
grinding process could also be easily confirmed to have disappeared 
due to the heating by means of observation with a scanning electron 
microscope. 

The ceramic sintered compact as described above is not limited to 
being applicable for parts in dry etching devices, but can also be 
used in an environment in which an acidic solution that includes 
alkali, acid, or in particular hydrofluoric acid exists, and is also 
applicable for ceramic parts that require high corrosion resistance. 

WORKING EXAMPLES 

The present invention shall now be further described based on 
working examples. 

Working Example 1 

An alumina sintered compact with a purity of 99.2wt% average 
crystal gram diameter of 12.0um, and density of 3.89g/cm 3 was 
manufactured into sintered ceramic parts for a 6-inch wafer dry 
etching device that uses electron cyclotron plasma by means of the 
pressureless sintering method. These parts were constructed with 
three components: a susceptor that supports the electrode cover and 
wafer, a weight that holds down the wafer, and a ring that is placed 
on top of the weight. Amongst these three components, those that 
were not the ring were ground down to prescribed dimensions and 
then all three components were heat treated in air for 1 hour at a 
temperature of 1 500°C. For the purpose of comparison, parts exactly 
the same as working, example 1 were manufactured, but without the 
heat treatment carried out thereon. These parts were installed into a 
6-.nch wafer dry etching device, and then used to carry out actual 
wafer etching. The results showed that between 3 and 5 particles 
with a diameter of 0.3um or higher generated with the parts 
manufactured by means of the method according to the present 
invention were confirmed on the 6-inch wafer. In contrast when the 
comparative parts that were not heat-treated were used, between 25 
and 42 were detected. That is to say, it was confirmed that, by using a 
ceramic part manufactured by means of the method according to the 
present invention, the number of particles with a diameter of 0 3um 
or higher was reduced to 1/8 the amount conventionally generated 
on a 6 -inch wafer. 
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Working Example 2 



Working Example 3 



An alumina sintered compact with a purity of 99.8wt%, average 
crystal grain diameter of 4.0nm, and density of 3;92g/cm 3 was 
manufactured into ceramic parts by means of exactly the same 
method used in working example 1 . For the purpose of comparison, 
parts exactly the same as working example 1 were manufactured, 
without the heat treatment carried out thereon. Etching was then 
carried out by means of exactly the same method used in working 
example 1. The results showed that between 0 and 1 particles with a 
diameter of 0.3 urn or higher were confirmed on the wafer when the 
heat-treated parts were used, while between 20 and 35 were 
confirmed when the non-heat-treated parts were used. 



After heat-treating the alumina sintered compacts from working 
examples 1 and 2 for various amounts of time and at various 
temperatures, they were then etched with argon ions using a planar 
magnetron sputtering device in a Pa argon atmosphere for 3 hours at 
200V- 1 OW. Weight loss due to etching was measured, and the results 
are shown in Table I. Etching resistance was better the higher the 
purity of the sintered compact and higher the heating temperature, 
but even when a low-purity sintered compact is used, etching 
resistance can be improved by means of heat treatment at a high 
temperature. 



Table 1: Weight loss due to etching after heating 





Weight loss due to etching after each 
amount of heating time (mg) 


Heating temperature (°C) 


Heating time (hr) 


0.1 


1 


3 


6 


1000 


Working example 1 


74 


70 


63 


60 


Working example 2 


48 


48 


47 


47 


1250 


Working example 1 


67 


64 


58 


55 


Working example 2 


48 


47 


47 


46 


1550 


Working example 1 


59 


55 


52 


52 


Working example 2 


46 


43 


40 


39 


No heating 


Working example 1 


76 


Working example 2 


48 



EFFECT OF THE INVENTION 



The alumina ceramic sintered compact according to the present 
invention has an excellent plasma ion etching resistance, and in the 



event that it is irradiated with plasma ions, the scattering of ceramic 
particles from the ceramic surface is inhibited. As a result, it is 
possible to increase the wafer production yield. 
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